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1 EP 0 591 

Description 

The present invention relates to the field of angi- 
oplasty. In particular, the present invention relates to a 
dilatation balloon catheter of the "over-the-wire" type s 
having a relatively short distal guide wire lumen extend- 
ing through the balloon of the catheter. 

Angioplasty procedures have gained wide accept- 
ance in recent years as efficient and effective methods 
for treating types of vascular disease. In particular, angi- 10 
oplasty is widely used for opening stenoses in the coro- 
nary arteries, although it is also used for the treatment 
of stenoses and other parts of the vascular system. 

The most widely used form of angioplasty makes 
use of a dilatation catheter which has an inflatable bal- is 
loon at its distal end. Typically, a hollow guide catheter is 
used in guiding the dilatation catheter through the vas- 
cular system to a position near the stenoses (e.g., to the 
coronary artery ostia). Using fluoroscopy, the physician 
guides the dilatation catheter the remaining distance 20 
through the vascular system until a balloon is positioned 
to cross the stenoses. The balloon is then inflated by 
supplying fluid under pressure through an inflation 
lumen in the catheter to the balloon. The inflation of the 
balloon causes stretching of the artery and pressing of 25 
the lesion into the artery wall, to reestablish acceptable 
blood flow through the artery. 

There has been a continuing effort to reduce the 
profile and shaft size of the dilatation catheter so that 
the catheter not only can reach but also can cross a 30 
very tight stenosis. A successful dilatation catheter must 
also be sufficiently flexible to pass through tight curva- 
tures, especially in the coronary arteries. A further 
requirement of a successful dilatation catheter is its 
"pushability". This involves the transmission of longitudi- 35 
nal forces along the catheter from its proximal end to its 
distal end so that a physician can push the catheter 
through the vascular system and the stenoses. 

Two commonly used types of dilatation catheters 
are referred to as "over-the-wire" catheters and "non- 40 
over-the-wire" catheters. An over-the-wire catheter is 
one in which a separate guide wire lumen is provided in 
the catheter so that a guide wire can be used to estab- 
lish the path through the stenoses. The dilatation cathe- 
ter can then be advanced over the guide wire until the 45 
balloon on the catheter is positioned within the sten- 
oses. One problem with the over-the-wire catheter is the 
requirement of a larger profile and a generally larger 
outer diameter along the entire length of the catheter in 
order to allow for a separate guide wire lumen there- so 
through. 

A non-over-wire catheter acts as its own guide wire, 
and thus there is no need for a separate guide wire 
lumen. One advantage of a non-over-the-wire catheter 
is its potential for a reduced outer diameter along its 55 
main shaft since no discrete guide wire lumen is 
required. However, one disadvantage is the inability to 
maintain the position of the guide wire within the vascu- 
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lar system when removing the catheter and exchanging 
it for a catheter having a smaller (or larger) balloon 
diameter. Thus, to accomplish an exchange with a non- 
over-the-wire catheter, the path to th stenoses must be 
reestablished when replacing the catheter with one hav- 
ing a different balloon diameter. 

In an effort to combine the advantages of an over- 
the-wire catheter with a non-over-the-wire catheter, 
catheters have been developed which have guide wire 
lumens which extend from a distal end of the catheter 
through the dilatation balloon and then exit the catheter 
at a point proximal of the dilatation balloon. The guide 
wire thus does not extend through the entire length of 
the catheter and no separate guide wire lumen is 
required along a substantially proximal section of the 
catheter. That proximal section can thus have a smaller 
outer diameter since it is only necessary to provide an 
inflation lumen therethrough for catheter operation. A 
further advantage of this type of modified over-the-wire 
catheter is that the f rictional forces involved between the 
guide wire and the shortened guide wire lumen are 
reduced, thereby reducing resistance to catheter push- 
ability and enhancing the "feel" and responsiveness of 
the catheter to a physician. 

Perhaps the most significant advantage of using a 
shortened guide wire lumen is in the ease of exchange 
of the catheter over the guide wire. In performing an 
angioplasty procedure using such a catheter, the cathe- 
ter is "back loaded" over the guide wire by inserting the 
proximal tip of the guide wire into a distal opening of the 
guide wire lumen in the catheter. The catheter is then 
advanced by "feeding" the catheter distally over the 
guide wire while holding the guide wire stationary. The 
proximal end of the guide wire will then emerge out of 
the proximal opening of the guide wire lumen (which is 
substantially spaced distally from the proximal end of 
the catheter itself) and is accessible again for gripping 
by the physician. The catheter can be preloaded onto 
the guide wire in this manner before the guide wire is 
inserted into the guide catheter or after. In either case, 
the guide wire is steered and passed through the guide 
catheter, coronary vessels and across a lesion. The 
exposed portion of the guide wire is then grasped while 
the catheter is advanced distally along the guide wire 
across the lesion. Using this procedure, little axial 
movement of the guide wire occurs during catheter 
loading and positioning for angioplasty. 

If the dilatation balloon is found to be inadequate 
(too small or too large), the catheter can be similarly 
withdrawn without removing the guide wire from across 
the lesion. The guide wire is grasped while the catheter 
is withdrawn, and when the proximal opening of the 
guide wire lumen is reached, the grasping hand must be 
moved incrementally away from the proximal opening 
as the catheter is incrementally withdrawn, until the 
catheter is fully removed from the guide catheter and 
the guide wire is thus again exposed and accessible 
adjacent to the proximal end of the guide catheter. 
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This shortened guide wire lumen type of dilatation 
catheter design thus offers the advantages associated 
with the rapid exchangeability of catheters. The design 
also presents the potential to provide a smaller catheter 
shaft, since the guide wire is not contained within the 5 
proximal portion of the catheter shaft. The smaller cath- 
eter shaft thus allows for better contrast media injection 
and, as a result, better visualization. In addition, 
because of the rapid exchangeability features, standard 
non-extendable guide wires of approximately 175 cen- 
timeters in length may be used. Further, because the 
guide wire is contained in only a distal shorter guide 
wire lumen of the catheter, free wire movement is 
enhanced when compared to a standard over-the-wire 
catheter where the guide wire extends through a guide 
wire lumen extending along the entire length of the cath- 
eter. 

US-A-4 748 982 discloses a reinforced balloon dila- 
tation catheter with a slitted exchange sleeve. This cath- 
eter comprises a guidewire lumen and a balloon 
inflation and deflation lumen which are provided in a 
tubular member. Both lumens are provided throughout 
the whole tubular member. A plug is inserted into the 
guidewire lumen and, thereafter, a notch is cut into the 
tubular member so that it cuts into the distal extremity of 
the plug and so that an opening is formed into the 
guidewire lumen distal of the plug which opens exteri- 
ally of the tubular member. In this catheter, upon inser- 
tion of the plug, the portion of the guidewire lumen 
provided in the proximal portion of the tubular member 
is sealed but is still existent. The shaft of this catheter 
has varying degrees of stiffness to enhance pushability 
and trackability. In particular, the tubular member can be 
formed so that it has varying degrees of stiffness with 
decreasing stiffness towards its distal extremity. For that 
purpose a mandrel can be inserted into the portion of 
the guidewire lumen proximal of the plug to serve as a 
stiffener. US-A-4 943 278 discloses a dilatation balloon 
catheter comprising an elongated flexible thin walled 
metal tube which carries an inflatable balloon at its dis- 
tal end. A core member of smaller outer diameter than 
the metal tube is attached to the distal end of the tube to 
provide support for and guiding of the balloon section. 
EP-A-0 380 873 discloses a rapidly exchangeable coro- 
nary catheter having a metallic hypertube. The catheter 
comprises an elongate proximal segment which is 
formed from metallic hypodermic tubing, an intermedi- 
ate segment and a distal segment. In the region of the 
juncture of the intermediate and proximal segments, a 
proximal guidewire lumen opening is provided. EP-A-0 
365 993 discloses a catheter equipped with an extensi- 
ble member. 

While several structures for such shortened guide 
wire lumen dilatation catheter have been proposed 
these structures suffer from several disadvantages. 
Such catheters have been one piece polyethylene cath- 
eters having dual lumen configurations adjacent their 
distal regions. Typically, such catheters have larger than 



necessary shaft sizes and are stiffer in their distal 
regions than would be desired, including those portions 
bearing the dilatation balloon. A further disadvantage is 
that the proximal shaft portion of such catheters is rela- 
tively flexible, and has low column strength shaft, so that 
it tends to "bunch" and buckle when advanced across a 
lesion. To counteract this deficiency in such designs, 
additional stiffener elements have been provided in the 
shaft, which necessarily either require a larger catheter 
shaft to accommodate the stiffener element structure. 
The known dilatation balloon catheter designs which 
include shortened guide wire lumens extending through 
the distal portion of the catheter suffer from the disad- 
vantages mentioned above and do not take advantage 
of the unique opportunities presented by the possibili- 
ties of such designs in construction and application. 

SUMMARY OF THE INVENTION 

The present invention is an over-the-wire dilatation 
balloon catheter which has a guide wire lumen extend- 
ing through only a distal portion of the catheter. The 
guide wire lumen extends from a distal end of the cath- 
eter proximally through a balloon of the catheter and 
exits the catheter at a point proximal of the balloon, but 
substantially distally from a proximal end of the catheter 
itself. 

The present invention for a balloon dilatation cathe- 
ter includes a thin-walled, high strength metallic tube 
having a longitudinal inflation lumen extending there- 
through from its proximal end to its distal end. An inter- 
mediate sleeve section extends distally from the 
metallic tube. The sleeve section is more flexible than 
the metallic tube, and includes a proximal segment of 
inner core tube which has a longitudinal guide wire 
lumen extending therethrough and an outer sleeve 
which extends over the proximal segment of the core 
tube to define a longitudinally extending annular infla- 
tion lumen therebetween that is in fluid communication 
with the inflation lumen of the metallic tube. The guide 
wire lumen has an outlet at a proximal end of the proxi- 
mal segment of the core tube, and the core tube has a 
distal segment which extends distally beyond the distal 
end of the outer sleeve. Means are provided for expos- 
ing the guide wire lumen outlet to the exterior of the 
catheter adjacent and proximal to the distal end of the 
metallic tube, without compromising the integrity of the 
inflation lumens extending through the catheter. An 
inflatable balloon extends over the distal segment of the 
core tube and has its proximal end connected to the dis- 
tal end of the outer sleeve. A distal end of the balloon is 
connected to the core tube so that an interior of the bal- 
loon is in fluid communication with the annular inflation 
lumen in the sleeve section. Means are provided for pre- 
venting significant closure of the guide wire lumen and 
annular inflation lumen in the sleeve section adjacent 
the distal end of the metallic tube when the more flexible 
sleeve section is bent laterally relative to the metallic 
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tube. 

In a preferred embodiment of the present invention, 
the metallic tube is formed from a proximal relatively 
long stainless steel tube and a distal relatively short 
stainless steel tube bonded thereto. The outer diameter 5 
of the proximal tube is smaller than the outer diameter 
of the distal tube, thus providing a catheter structure 
which is highly trackable and has a generally small shaft 
outer diameter, yet is very pushable and responsive to a 
doctor controlling movement of the catheter from its 
proximal end. Preferably, the means for exposing 
includes longitudinal crimp adjacent the distal end of the 
distal stainless steel tube. The crimp extends laterally 
inwardly from one side of the distal tube, and has a 
proximal transition region and distal bonding region. 
The proximal end of the inner core tube is nested within 
the distal bonding region of the crimp and bonded 
thereto. The outer sleeve extends over at least a distal 
portion of the bonding region and is sealably affixed 
thereabout. 

The means for preventing closure may take a 
number of different forms. In a preferred embodiment, 
the means for preventing closure comprises a coil mem- 
ber affixed to the sleeve section adjacent the distal end 
of the metallic tube. As such, the coil member may be 
affixed about the outer sleeve to extend distally from the 
metallic tube or about the inner core tube to extend dis- 
tally from the metallic tube. Such a coil member further 
may have its coil spaced uniformly apart or spaced 
increasingly apart as it extends distally from the metallic 
tube. Preferably, the coil member is formed from a spi- 
rally shaped ribbon. A compression sheath is provided 
to envelope the coil member and maintain the coil mem- 
ber in secure engagement to the sleeve section. In an 
alternative embodiment, the means for preventing clo- 
sure comprises a tubular member affixed to the sleeve 
section adjacent the distal end of the metallic tube, with 
the tubular member being formed from a polyimide 
material. 

Such closure preventing means thus provide a 
bending relief design between the relatively stiff metallic 
tube and more flexible distal region of the balloon dilata- 
tion catheter, to prevent kinking during catheter prepa- 
ration work and handling (prior to insertion of the 
dilatation catheter into the guide catheter and patient). 
Such kinking or "crimping" of the catheter can result in a 
binding on the guide wire as it extends through the 
guide wire lumen or a reduction in size of the annular 
inflation lumen between the metallic tube and balloon or 
a compromise in strength of the catheter tubings, all of 
which will compromise the utility and responsiveness of 
the dilatation catheter. In addition, the closure prevent- 
ing means reduces the possibility of a failure or separa- 
tion of the bonds adjacent the distal end of the metallic 
tub which may be caused by excess strain placed on 
such bonds during catheter preparation or handling. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevationai view of a balloon dilata- 
tion catheter of the present invention having a distal 
guide wire lumen therethrough and showing a guide 
wire. 

FIG. 2 is a sectional side elevationai view of the bal- 
loon dilatation catheter of FIG. 1 . 

FIG. 3 is an enlarged sectional view as taken along 
lines 3-3 in FIG. 2. 

FIG. 4 is a sectional side elevationai view of a por- 
tion of the catheter of the present invention, illustrating 
an alternative structure for a reinforcing coil member 
thereon. 

FIG. 5 is a sectional side elevationai view of a por- 
tion of the catheter of the present invention, illustrating 
an alternative structure for a reinforcing coil member 
thereon. 

FIG. 6 is an enlarged sectional view as taken along 
lines 6-6 in FIG. 5. 

FIG. 7 is a sectional view of a portion of an alterna- 
tive embodiment of the catheter of the present inven- 
tion. 

FIG. 8 is a sectional view of a portion of an alterna- 
tive embodiment of the catheter of the present inven- 
tion. 

FIG. 9 is a sectional view of a portion of an alterna- 
tive embodiment of the catheter of the present inven- 
tion. 

FIG. 10 is a sectional view of a portion of an alter- 
native embodiment of the catheter of the present inven- 
tion. 

FIG. 1 1 is a sectional view of a portion of an alter- 
native embodiment of the catheter of the present inven- 
tion. 

FIG. 12 is a sectional view of a portion of an alter- 
native embodiment of the catheter of the present inven- 
tion. 

FIG. 13 is a sectional view of a portion of an alter- 
native embodiment of the catheter of the present inven- 
tion. 

Although the above-identified drawing figures set 
forth various embodiments of the invention, other 
embodiments of the invention are also contemplated, as 
noted in the discussion. In all cases, this disclosure 
presents illustrated embodiments of the present inven- 
tion by way of representation and not limitation. It should 
be understood that numerous other modifications and 
embodiments can be devised by those skilled in the art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBQPIMENTS 

Overall Catheter Structure 

A balloon dilatation catheter 20 of the present 
invention is illustrated generally in FIG. 1 . The catheter 
20 has a proximal main shaft section 22, an intermedi- 
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ate sleeve section 24 and a distal balloon section 26. 
The main shaft section 22 has a proximal end 28 and a 
distal end 30. Likewise, the intermediate sleeve section 
24 has a proximal end 32 and a distal end 34. Th distal 
balloon section 26 has a proximal waist 36, an interme- 
diate expandable segment 38 and a distal waist 40. 

As illustrated in FIG. 1 , the distal end 30 of the main 
shaft section 22 is connected to the proximal end 32 of 
the sleeve section 24, and the distal end 34 of the 
sleeve section 24 is connected to the proximal waist 36 
of the balloon section 26. In use, the catheter 20 is cou- 
pled to an inflation device (not shown) by a luer manifold 
42 connected to the proximal end 28 of the main shaft 
section 22. The inflation device thus provides or 
removes inflation solution from the catheter 20 to 
selectably inflate or deflate the intermediate expandable 
segment 38 of the distal balloon section 26 (in FIG. 1 , 
expandable segment 38 is shown in its inflated configu- 
ration). 

The catheter 20 of the present invention is 
designed for use in combination with a catheter guide 
element such as a guide wire 50. In use in a coronary 
application, both the guide wire 50 and the catheter 20 
are fed through and guided to an arterial lesion by 
means of a tubular guide catheter (not shown). Both the 
catheter 20 and guide wire 50 are therefore longer than 
the guide catheter, with a typical catheter length of 
approximately 135 cm and a typical guide wire length of 
approximately 1 75 cm. As illustrated in FIG. 1 , the guide 
wire 50 extends longitudinally along the exterior of the 
main shaft section 22 of the catheter 20. Adjacent the 
distal end 30 of the main shaft section 22, the guide wire 
50 enters the structure of the catheter 20 and extends 
distally therethrough until it exits the catheter structure 
adjacent the distal waist 40 of the distal balloon seg- 
ment 26. As seen FIG. 2, a separate guide wire lumen 
52 is provided in the catheter 20 through the intermedi- 
ate sleeve section 24 and distal balloon section 26 
thereof. The guide wire 50 thus is only entrained within 
the catheter 20 within this guide wire lumen 52, which is 
much shorter than the total length of the catheter 20 
(e.g., the guide wire lumen 52 is approximately 30 cm 
long). The guide wire 50 has a proximal end 53 and a 
distal end 54 and is of a typical structure for guiding 
angioplasty catheters. At its distal end 54, the guide 
wire 50 preferably has a coiled and rounded tip struc- 
ture which is bendable for steerability of the guide wire. 

Referring now to FIG. 2, which shows the catheter 
20 in greater detail, it is seen that the proximal end 28 of 
the main shaft section 22 further has a strain relief tube 
60 disposed between the luer manifold 42 and shaft 
section 22. The strain relief tube 60 is larger than the 
main shaft section 22, and thus provides a step-wise 
strain relief function between the inflexible luer manifold 
42 and th mor fl xibl main shaft section 22. The 
main shaft section 22, tubular member 60 and luer man- 
ifold 42 are secured together respectively by suitable 
adhesive means, such as epoxy or cyanoacrylate. 



M3in Shqft Section 

The main shaft section 22 is preferably formed as a 
thin-walled, high strength stainless steel tube structure, 

5 which is referred to as hypodermic tubing or hypotube. 
As a tubular structure th main shaft section 22 thus has 
a longitudinally extending inflation lumen 62 extending 
therethrough from its proximal end 28 to its distal end 
30, which provides a means for the movement and pres- 
to surization of inflation fluid through the catheter 20 to 
and from the distal balloon section 26. 

In a preferred embodiment, the main shaft section 
22 is formed from two stainless steel tube sections, a 
proximal relatively long shaft section 64 and a distal rel- 

15 atively short shaft section 66. A distal end of the proxi- 
mal shaft section 64 and a proximal end of the distal 
shaft section 66 are sealably affixed together by suitable 
means, such as by a solder joint The proximal end of 
the distal shaft section 66 fits coaxially over the distal 

20 end of the proximal shaft section 64, as seen in FIG. 2, 
thereby allowing the proximal shaft section 64 to 
assume a smaller outer diameter than the distal shaft 
section 66. The main shaft section 22 is provided with a 
lubricous coating (such as polytetraflouroethylene) to 

25 lessen frictional resistance (at least to the extent that 
the proximal shaft section 64 is so coated). The use of a 
thin-walled (e.g., 76,2 urn (0.003) inch wall thickness), 
metallic tube structure for the main shaft section 22 thus 
provides a stiff enough shaft for pushability yet allows 

30 for a relatively small diameter shaft, thereby enhancing 
catheter visualization via fluoroscopy and catheter ver- 
satility. The inherent high strength nature of such a 
structure also allows it to withstand the fluid pressures 
necessary for proper catheter operation, which in a 

35 plastic shaft structure would require thicker walls. The 
high column strength and thickness of a hypotube shaft 
also gives improved responsiveness to the catheter. 
Thus, the balloon and distal regions of the catheter 
move definitively (in a 1:1 relationship) with motions 

40 imparted at the catheter's proximal end by a physician. 
This feature allows the physician to actually "sense" the 
pathway as the catheter is tracked, which gives valuable 
information in the passage of the catheter to and 
through the lesion. 

45 In the distal shaft section 66 of the main shaft sec- 
tion 22, a longitudinal crimp 68 is provided which 
extends laterally inwardly from one side of the distal 
section 66. The distal shaft section 66 has three sec- 
tions, a proximal tubular region 70, a transition region 

so 72, and a distal bonding region 74. The crimp 68 
extends from its proximal origin in the transition region 
72 to its greatest lateral depth in the bonding region 74. 
The crimp 68, as further illustrated in FIG. 3, does not 
seal off or close the inflation lumen 62, but does trans- 

55 form the inflation lumen from a circular lumen 62 to a 
crescent shape through the bonding region 74, as seen 
at 63 in FIG. 3. 



5 



9 



EP0 591 199 B1 



10 



Catheter Intermediate Sleeve Section 

The intermediate sleeve section 24 extends distally 
from the main shaft section 22, and is bonded thereto 
adjacent the bonding region 74 of the distal shaft sec- 
tion 66. Th intermediate sleeve section 24 has two pri- 
mary longitudinal components, an inner core tube 80 
and an outer sleeve or tube 82. The inner core tube 80 
has a proximal segment 84 within the sleeve section 24 
and a distal segment 86 within the distal balloon section 
26. The inner core tube 80 and outer sleeve 82 are both 
preferably formed from thin-walled high density polyeth- 
ylene. 

The inner core tube 60 has a proximal end 88 and a 
distal end 90. At its proximal end 88, the core tube 80 is 
nested within the bonding region 74 of the distal shaft 
section 66 and bonded thereto by suitable means, such 
as epoxy or cyanoacrylate. The core tube 80 is thus 
affixed to the main shaft section 22 in an "off-axis" align- 
ment at the bonding region 74. However, as seen in 
FIG. 2, as the core tube 80 extends distally from the 
main shaft section 22, it is aligned generally coaxially 
with the shaft section 22. 

The core tube 80 defines the guide wire lumen 52 
extending through the catheter 20. The guide wire 
lumen thus has a proximal outlet 92 adjacent the proxi- 
mal end of the core tube 80 and a distal outlet 94 adja- 
cent the distal end 90 of the core tube 80. At least one 
marker band 96 is provided about the core tube 80 
(preferably centered within the expandable segment 38 
of the distal balloon section 26) to aid in illuminating the 
position of the catheter 20 via fluoroscopy during an 
angioplasty procedure. 

The outer sleeve 82 is generally tubular in form, and 
has a proximal end 100 and a distal end 102. The outer 
sleeve 82 is bonded about the distal shaft section 66 
and the core tube 80 adjacent the bonding region 74, as 
seen in FIGS. 2 and 3 and is held in place thereto by 
suitable means, such as epoxy or cyanoacrylate. The 
outer sleeve 82 extends distally from the main shaft sec- 
tion 22 over the proximal segment 84 of the core tube 
80, and as such, defines a distal continuation of the 
inflation lumen of the catheter 20. A longitudinally 
extending annular inflation lumen 104 is formed 
between the core tube 80 and outer sleeve 82. Of 
course, the proximal end 100 of the outer sleeve 82 is 
Securely sealed about the distal shaft section 66 and 
the core tube 80 so that the longitudinal inflation lumens 
62 and 104 through the catheter 20 are not compro- 
mised to the exterior of catheter 20, but are in fluid com- 
munication therethrough. 

The intermediate sleeve structure defined above is 
the basic sleeve structure for all embodiments of the 
present invention contemplated and disclosed herein- 
namely, an inner core tube bonded to a distal portion of 
the main catheter shaft, with an outer sleeve forming an 
annular continuation of the inflation lumen through the 
main shaft between the core tube and outer sleeve. As 



discussed below and illustrated herein, various configu- 
rations of the connections and components relative to 
the formation of the distal guide wire lumen, including 
the coupling of the main shaft to the intermediate sleeve 
5 section, are contemplated. 

Catheter Distal Balloon Section 

The distal balloon section 26 is connected to the 
10 components of the intermediate sleeve section 24. The 
proximal waist 36 of the balloon section 26 is connected 
to the distal end 102 of the outer sleeve 82 by suitable 
means, such as by epoxy or cyanoacrylate. The distal 
waist 40 of the balloon section 26 is bonded to the core 
is tube 80 adjacent its distal end 90 by suitable means, 
such as by epoxy or cyanoacrylate. An interior 106 of 
the balloon section 26 is thus sealed and in fluid com- 
munication with the annular inflation lumen 104 within 
the sleeve section 24. In a preferred embodiment, the 
20 balloon section 26 is formed from a compliant balloon 
material (e.g., polyolefin), although a balloon formed 
from thin-walled non-compliant material (e.g., PET-pol- 
yethylene terephthalate) is also contemplated. 

25 Kink-resistant Structure 

The metallic main shaft section 22 is relatively stiff 
compared to the polyethylene intermediate sleeve sec- 
tion 24. This creates a rather abrupt change in the f lexi- 

30 bility of the materials for the catheter 20 adjacent the 
distal end 30 of the main shaft section 22 (at the bond- 
ing region 74). The use of a hypotube for the main shaft 
section 22 in the catheter 20 creates a catheter which is 
considerably stiffer than most previous over-the-wire 

35 angioplasty balloon catheter designs. Such stiffness is 
not a concern as long as the metallic main shaft section 
22 remains in the relatively straight guide catheter 
within the patient, and indeed such stiffness provides 
distinct benefits in use of the catheter 20, as described 

40 above. In the distal portions of the catheter 20 (interme- 
diate sleeve section 24 and distal balloon section 26), 
the catheter 20 must be very trackable and flexible in 
order to negotiate the tortuous coronary anatomy to and 
across the lesion. The relatively sharp transition in stiff- 

45 ness as the catheter structure changes from the metal- 
lic main shaft section 22 to the much more flexible 
polymer intermediate sleeve section 24 creates two 
concerns. First, during handling of the catheter prior to 
usage, there is a potential to kink the catheter structure 

so at that flexibility transition point. Secondly, when the 
catheter is in vivo, the distal end 30 of the main shaft 
section 22 could potentially "dig in" to the guide catheter 
and create excessive friction due to the lack of bending 
support from the more flexible intermediate sleeve sec- 

55 tion 24. 

To address these concerns, a kink-resistent struc- 
ture 110 is provided to prevent kinking and possible 
damage to the intermediate sleeve section 24 during 
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catheter preparation, handling and use. In its simplest 
form, this kink-resistent structure 110 provides a mem- 
ber of intermediate stiffness or transitory stiffness and 
kink-resistant nature between the relatively stiff main 
shaft section 22 and the relatively flexible intermediate 
sleeve section 24. The kink-resistent structure 110 
includes a coil member 1 12 affixed to the intermediate 
sleeve section 24 adjacent the distal end 30 of the main 
shaft section 22. The coil member 1 12 creates an inter- 
mediate stiffener element between the relatively stiff 
main shaft section 22 and the relatively flexible interme- 
diate sleeve section 24 to allow bending of the catheter 
without kinking. The coil member 1 12 preferably has its 
coils spaced uniformly apart, and is preferably formed 
from a spiral ribbon of stainless steel placed about the 
outer sleeve 82 along that portion thereof extending 
over the bonding region 74 and distally therefrom. The 
coil member 112 is secured to the outer sleeve 82 by 
suitable adhesive means, such as by epoxy. To further 
secure the coil member 1 12 to the intermediate sleeve 
section 24, a heat-shrinkable sheath 114 is fitted over 
the coil member 112. Preferably the sheath 114 is 
formed from a polyimide or polyolefin material which is 
expanded radially outwardly and then shrunk down over 
the coil member 1 12 and outer sleeve 82 to secure the 
coil member 112 thereto. To further secure the sheath 
114 and coil member 112 in place, some adhesive is 
provided between the sheath 1 14 and the intermediate 
sleeve section 24. By covering the ends of the coil mem- 
ber 112, the sheath 114 also lessens the chances of 
those ends providing a rough edge or catch as the cath- 
eter 20 is advanced through the guide catheter or artery. 

Although the kink-resistant structure is described 
and illustrated in connection with a balloon dilatation 
catheter, it is contemplated that such a structure be 
employed in any catheter shaft as a transition from a 
first thin-walled, high strength metallic tube structure to 
a second tube structure which is more flexible than the 
metallic tube structure. Such a kink-resistant structure, 
as described above (and also below in various embodi- 
ments), may be employed in a single lumen catheter 
shaft, or in multiple lumen catheter shaft having a cen- 
tral core tube such as the multi-lumen shaft illustrated 
by the intermediate sleeve section of the catheter dis- 
closed in FIGS. 1-4. 

Alternative Catheter Embodiment 

Numerous alternative embodiments of the catheter 
of the present invention are contemplated. For example, 
several alternative arrangements for the main shaft sec- 
tion and intermediate sleeve structure portion of the 
catheter are illustrated and discussed herein. In the fol- 
lowing discussion of further alternative embodiments of 
the present invention, to th extent a component is iden- 
tical to that of a previously described embodiment, like 
reference numerals are used. 

FIG. 4 illustrates an alternative embodiment for the 



distal portion of a catheter according to the present 
invention. Specifically, the outer sleeve (of the interme- 
diate sleeve section) and the distal balloon section are 
formed from the same component, as a unitary mem- 

5 ber. Thus, proximal waist 36A of distal balloon section 
26A is elongated proximally and acts as the outer 
sleeve for intermediate sleeve section 24A. A proximal 
end 115 of the proximal waist 36A is sealably fixed 
about the core tube 80 and main shaft section 22 adja- 

10 cent the bonding region 74 thereof. It should be under- 
stood that the prospect of having a unitary outer sleeve 
and balloon member is applicable to all embodiments 
disclosed herein and contemplated, although it is only 
illustrated and discussed with respect to the catheter 

15 structure of FIG. 4. 

FIG. 4 also shows another variation for the cathe- 
ter's structure illustrated in FIGS. 1-3. In FIG. 4, kink- 
resistant structure 11 OA includes coil member 112A 
which is defined as a spiral ribbon of stainless steel 

20 placed about a proximal portion of the proximal waist 
36A along the bonding region 74 and distally therefrom. 
The coil member 1 12A does not have its coils uniformly 
spaced apart, but rather has its coils spaced increas- 
ingly further apart as the coil member extends distally 

25 from the main shaft section 22. This results in a coil 
member 1 12A which becomes increasingly more flexi- 
ble, thereby "feathering out" the change in relative stiff- 
ness and strain or kink relief between the relatively 
inflexible main shaft section 22 and the relatively flexible 

30 intermediate sleeve section 24A. As before, a heat- 
shrinkable sheath 114A is fitted over the coil member 
112A to further secure the coil member 112A to the 
sleeve section 24A. 

In FIG. 5, a modified main shaft section 22B is illus- 

35 trated. The main shaft section 22B is formed as a thin- 
walled, high strength stainless steel tube or hypotube, 
but is defined as a single tubular shaft 1 1 7 from its prox- 
imal end to its distal end 30B. The single shaft 117 has 
a longitudinally extending inflation lumen 62B there- 
to through, and at its proximal end (not shown) the single 
shaft 1 1 7 is mounted to an inflation device in a manner 
such as that illustrated for the catheter of FIG. 2. Adja- 
cent its distal end 30B, the single shaft 1 1 7 has a longi- 
tudinal crimp 68B which extends laterally inwardly from 

45 one side of the single shaft 117. The single shaft 1 17 
thus has three sections, a proximal, relatively elongated 
tubular region 70B, a relatively short distal transition 
region 72B and a relatively short distal bonding region 
74B. The crimp 68B extends from its proximal origin in 

so the transition region 72B to its greatest lateral depth in 
the bonding region 74B. The crimp 68B does not seal or 
close off the inflation lumen 62B, but rather transforms 
the inflation lumen 62B from a circular lumen to a half- 
moon lumen through the bonding region 74B, as seen 

55 at 63B in FIG. 6. it is again und rstood that the use of a 
single tube to define the main shaft section of the cath- 
eter of the present invention is applicable to the other 
alternative embodiments of the catheter structures dis- 
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closed herein. 

FIGS. 5 and 6 also illustrate an alternative arrange- 
ment for the kink-resistant structure of the inventive 
catheter. Kink-resistant structure 210 includes coil 
member 212. The sleeve section 24B includes an outer 
sleeve 82B and an inner core tub 80B, with the core 
tube 80B adapted to be nested within and bonded to the 
main shaft section 22B in its distal bonding region 74B. 
The coil member 212 of the kink-resistant structure 210 
is positioned about the core tube 80B within the distal 
bonding region 74B and extending distally therefrom. 
The coil member 212 is preferably formed from stain- 
less steel (either from a wire or ribbon) and may have 
uniform coil spacing or increasingly spaced coils as the 
coil member 212 extends distally from the main shaft 
section 22B. The coil member 212 is secured to the 
core tube 80B by suitable means, such as by embed- 
ding the coil member 212 in an epoxy layer 214 about 
the core tube 80B. A proximal end 100B of the outer 
sleeve 82B is bonded about the main shaft section 22B 
and inner tube 80B and coil structure 21 0 in the bonding 
region 74B thereof, as seen in FIGS. 5 and 6. In the 
intermediate sleeve section 24B, the inner core tube 
80B thus provides a guide wire lumen 52B there- 
through, and an annular inflation lumen 104B is pro- 
vided between the inner tube 80B and outer sleeve 82B. 
Although the kink-resistant structure 210 is within the 
annular inflation lumen 104 and the outer sleeve 82B 
necks down distally from the main shaft section 22B, the 
size of the annular inflating lumen 104 is sufficient to 
provide proper fluid flow to and from the catheter's bal- 
loon. 

FIGS. 7-13 illustrate an alternative configuration for 
that portion of the catheter adjacent the proximal inlet of 
the guide wire lumen. Instead of providing a crimp struc- 
ture in the distal end of the main shaft section, an aper- 
ture is provided adjacent to and proximal of the distal 
end of the main shaft section. The aperture is aligned 
and sealably coupled to the inner tube to define the 
guide wire lumen proximal outlet. In all disclosed 
embodiments, the main shaft section is preferably 
formed from a hypotube-like material. 

As seen in FIG. 7, an alternative embodiment of the 
catheter of the present invention has a proximal main 
shaft section 22C formed from thin-walled, high strength 
stainless steel tubing. A longitudinally extending infla- 
tion lumen 62C extends therethrough from a proximal 
end of the main shaft section 22C to its distal end 30C. 
In the embodiment seen in FIG. 7, the main shaft 22C is 
formed from two stainless steel tube sections, a proxi- 
mal relatively long shaft section 64C and a distal rela- 
tively short shaft section 66C bonded on the distal end 
of the proximal section 64C. This two-part main shaft 
section structure thus allows a substantial length of the 
main shaft section 22C to be formed from the proximal 
shaft section 64C which has a smaller diameter than the 
distal shaft section 66C. 

The distal shaft section 66C has an oval-shaped 
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aperture 119 extending through its wall, with the oval 
being elongated in the longitudinal direction of the main 
shaft section 22C. The aperture 119 is spaced proxi- 
mally from a distal end of th distal shaft section 66C 

5 (the distal end 30C of the main shaft section 22C). The 
space between the aperture 119 and distal end 30C 
thus defines in part a bonding region 121 for connecting 
the main shaft section 22C to a distally extending inter- 
mediate sleeve section 24C. 

10 As before, the intermediate sleeve section 24C 
includes an inner core tube 80C and an outer sleeve 
82C. A proximal end 88C of the core tube 80C is seala- 
bly bonded about the aperture 1 1 9 to align the proximal 
end 88C and aperture 119 and thereby define a proxi- 

is mal outlet 92C for a guide wire lumen 52C extending 
through the core tube 80C. As seen in FIG. 7, a proximal 
portion 123 of the core tube 80C extends laterally from 
the aperture 119 into the distal shaft section 66C and 
turns longitudinally and distally relative thereto to be 

20 aligned generally coaxially therewith. As such, the infla- 
tion lumen 62C is continued distally past the aperture 
1 1 9 as a generally annular inflation lumen 1 25, between 
the core tube 80C and distal shaft section 66C (along 
the bonding region 121). Proximal end 100C of the 

25 outer sleeve 82C is bonded about the distal shaft sec- 
tion 66C in the bonding region 121 by a suitable means, 
such as by epoxy or cyanoacrylate. As seen in FIG. 7, 
the outer sleeve 82C extends distally from the main 
shaft section 22C over the core tube 80C and defines a 

30 longitudinally extending annular inflation lumen 104C 
between the core tube 80C and outer sleeve 82C. The 
proximal end 100C of the outer sleeve 82C is sealed 
about the distal shaft section 66C so that the longitudi- 
nal inflation lumens 62C, 1 25 and 1 04C are not compro- 

35 mised to the exterior of the catheter, but are in fluid 
communication therethrough. 

In FIG. 7, kink-resistant structure 310 includes coil 
member 312 (of a wire or ribbon-like structure) which is 
bonded about the outer sleeve 82C to extend distally 

40 from the distal end 30C of the main shaft section 22C. In 
this embodiment, the coil member 312 does not extend 
about any portion of the main shaft 22C. The coil mem- 
ber 312 is secured to the outer sleeve 82C by suitable 
adhesive means, such as epoxy 314, and is embedded 

45 therein to firmly hold the coil member 31 2 in place about 
the intermediate sleeve section 24C. In the embodiment 
of FIG. 7, the coil member 312 is illustrated with its coils 
being spaced increasingly longitudinally apart as the 
coil member 312 extends distally along the catheter. 

so FIGS. 8-1 3 also illustrate embodiments of the cath- 
eter of the present invention wherein an aperture is pro- 
vided through the main shaft section wall to 
accommodate the proximal outlet for the relatively short, 
distal guide wire lumen. As opposed to the embodiment 

55 of FIG. 7, however, the embodiments illustrated in FIGS. 
8-13 show the main shaft section as a single shaft 
rather than as a multi-part shaft. Indeed, FIG. 8 illus- 
trates a catheter structure identical to that of FIG. 7, 
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except that the main shaft section 22D is shown as a 
single shaft 217, rather than having proximal and distal 
shaft sections 64C and 66C as seen in FIG. 7. As such, 
the catheter inflation lumen includes longitudinally 
extending inflation lumens 62D, 125D and 104D. 5 

FIG. 9 is an embodiment of the catheter of the 
present invention otherwise similar to FIG. 8, except 
that kink-resistant structure 410 has coil member 412 
with uniformly spaced coils along the entire length. 
Again, the entire coil member 412 is fixed to the outer 10 
sleeve 82C of the intermediate sleeve section 24C by 
embedding the coil member 412 within a suitable mate- 
rial such as epoxy or cyanoacrylate 414. 

In the catheter structure of FIG. 10, intermediate 
section 24E has an inner core tube 80E and an outer 15 
sleeve 82E. The structure of the catheter is otherwise 
the same as the catheter of FIG. 9, except that the kink- 
resistant structure thereof is positioned inside the outer 
sleeve 82E rather than outside of the outer sleeve. Kink- 
resistant structure 510 is affixed to an inner surface of 20 
the outer sleeve 82E distally of the main shaft section 
22 D by a suitable means, such as embedded adhesive 
514. The kink-resistant 510 includes coil member 512 
which provides an intermediate stiffener between the 
relatively stiff main shaft section 22D and the relatively 25 
flexible intermediate sleeve section 24E. As seen, the 
outer sleeve 82E necks down distally from the kink- 
resistant structure 510 to provide a lower profile for the 
catheter in its distal regions. An annular inflation lumen 
104E formed between the inner tube 80E and outer 30 
sleeve 82E (and at a proximal end thereof, between the 
inner tube 80 E and the kink-resistant structure 510) is 
not compromised by such a necked-down sleeve design 
but maintained at sufficient size to provide for adequate 
and quick inflation and deflation of the balloon. 35 

In FIG. 1 1 intermediate sleeve section 24F includes 
an inner core tube 80F and an outer sleeve 82F. Kink- 
resistant structure 610 is mounted about the inner tube 
80 F along the bonding region 121 and extending distally 
from the main shaft section 22D into the intermediate 40 
sleeve section 24F. The kink-resistant structure includes 
coil member 612 which is affixed about the core tube 
80F by suitable means such as being embedded in 
epoxy or another suitable adhesive 614. As seen in FIG. 
1 1 , the outer sleeve 82F has an enlarged diameter at its 45 
proximal end to accommodate the main shaft section 
22D and the kink-resistant structure 610, and so that 
the annular inflation lumens 125F and 104F about the 
core tube 80F remain sufficiently large to provide proper 
inflation and deflation pressures to the balloon of the so 
catheter. 

FIGS. 12 and 13 illustrate a further variation of the 
kink-resistant structure of the present invention. In the 
embodiments of FIGS. 12 and 13, the kink-resistant 
structure does not include a coil member, is formed 55 
from a polymer tube which is of intermediate stiffness 
between the main shaft section and intermediate sleeve 
section. In FIG. 12, kink-resistant structure 710 is pro- 



vided which is formed from a polyimide or other stiff pol- 
ymer tube 727. The tube 727 is bonded about an inner 
core tube 80G of the intermediate sleeve section 24G 
by a suitable adhesive, such as epoxy or cyanoacrylate. 
The tube 727 extends through a distal portion of the 
bonding region 121 and distally beyond the main shaft 
section 22D into the intermediate sleeve section 24G. 
Again, an outer sleeve 82G of the sleeve section 24G 
has an enlarged diameter at its proximal end to accom- 
modate the main shaft section 22D and the kink-resist- 
ant structure 710, and so that the components are 
dimensioned such that annular inflation lumens 125G 
and 104G are not compromised. 

In FIG. 13, kink-resistant structure 810 is illustrated, 
as formed from a polyimide or other stiff polymer tube 
829 which is bonded to the inner surfaces of both the 
main shaft section 22D and an outer sleeve 82H of an 
intermediate sleeve section 24H at a bonding region 
1 21 H. The tube 829 thus provides not only a kink-resist- 
ant structure to accommodate the change in stiffness of 
the main shaft section and intermediate sleeve section, 
but also provides a substrate for bonding the two cathe- 
ter sections together by a suitable adhesive, such as 
epoxy or cyanoacrylate. A core tube 80H of the sleeve 
section 24H extends through the interior of the tube 829 
to the aperture 119 on the main shaft section 22D. 
Thus, an annular longitudinally extending inflation 
lumen 131 is formed as a "bridge lumen" (between the 
core tube 80H and tube 829) from the inflation lumen 
62D to an annular inflation lumen 104H within the 
sleeve section 24 H. 

As mentioned above, various combinations of these 
alternative component and catheter structures are con- 
templated and are intended to be considered, although 
not explicitly shown. For example, it is contemplated 
that a two-part main shaft section structure (such as 
illustrated in FIGS. 2, 4 and 7) may be combined with 
any one of the kink-resistant structure such as that illus- 
trated in FIGS. 8-13. By way of example and not limita- 
tion, a further example of such a combination may 
include the use of a distal balloon section having an 
elongated proximal waist (such as shown in FIG. 4) with 
any of the alternative kink-resistant structures disclosed 
herein. 

Conclusion 

The balloon dilatation catheter of the present inven- 
tion is an over-the-wire catheter structure with a distal 
guide wire lumen which optimizes the features of such a 
catheter in a way not previously considered or achieved. 
The use of a hypotube-type main shaft for the catheter 
allows the attainment of a high strength, push-able shaft 
having thin walls and small diameter. The further use of 
a two-part hypotube shaft structure allows an even 
smaller diameter for the proximal elongated section of 
the main catheter shaft. Employing a crimp as a means 
for aligning and creating a proximal outlet for the rela- 
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tively short guide wire lumen also serves to provide a 
transition region for exit of the guide wire from the cath- 
eter itself which is relatively gradual. The crimped shaft 
design also provides additional stiffness in the transition 
region where the guide wire enters and exits the cathe- 
ter proximally of the balloon thereof, thereby creating a 
more rigorous catheter structure. Because the catheter 
of the present invention is based upon a relatively stiff 
proximal main shaft section, and such a catheter must 
have a relatively flexible distal portion for working 
through the tortuous arterial anatomy, a strain relief or 
kink-resistant structure is provided to make a more 
gradual transition between the relatively stiff main cath- 
eter shaft and the relatively flexible distal portion of the 
catheter. Various configurations of strain relief and kink- 
resistant structures are disclosed herein, and all are 
believed suitable to accomplish the desired end of pre- 
venting significant closure of the guide wire lumen and 
annular inflation lumen in the more flexible distal por- 
tions of the catheter, especially adjacent the distal end 
of the main catheter shaft. 

Claims 

1 . A balloon dilatation catheter comprising: 

a shaft including a metallic tube defining a first 
shaft section (22, 22B, 22C, 22D) having a 
proximal end (28) and a distal end (30, 30B, 
30C), and a second shaft section (24, 24B, 
24C, 24D, 24E, 24F ( 24G, 24H), more flexible 
than the first shaft section, disposed distally of 
the first shaft section; 

the first and second shaft sections having an 
inflation lumen (62, 104; 62B, 104B; 62C, 
104C; 62D, 104D, 104E, 104F, 104G, 104H) 
defined therethrough; 

a dilatation balloon (26) attached to the distal 
end (34) of the second shaft section, the dilata- 
tion balloon being in fluid communication with 
the inflation lumen such that inflation pressure 
may be provided to the balloon therethrough; 
a guidewire tube (80, 80B, 80C) defining a sec- 
ond lumen (52, 52B, 52C), shorter than the 
inflation lumen extending from a proximal 
lumen opening (92, 92C) proximal to the bal- 
loon to a distal lumen opening (94) distal to the 
balloon; and 

a transition section (1 10, 1 10A, 210, 310, 410, 
510, 610, 710, 810) extending distal of the 
proximal lumen opening (92) and being dis- 
posed adjacent to the distal end of the first 
shaft section, the transition section being con- 
figured to have a stiffness between the stiffness 
of the first shaft section and the stiffness of the 
second shaft section. 

2. Catheter in accordance with claim 1, wherein the 



transition section (110, 110A, 210. 310, 410, 510. 
610) includes a coil (112, 1 12A, 212, 312, 412, 512, 
612). 

5 3. Catheter in accordance with claim 1 or 2, wherein 
the flexibility of the transition section (110A, 210, 
310) increases distally 

4. Catheter in accordance with any of the preceding 
w claims, wherein the transition section includes a 

metallic element having a cross-section generally 
diminishing distally. 

5. Catheter in accordance with any of claims 1 to 4, 
15 wherein the proximal opening of the guidewire 

lumen (52, 52B) is disposed at the transition section 
(110. 110A.210). 

6. Catheter in accordance with any of the preceding 
20 claims, wherein the transition section (710, 810) 

includes a transition tube (727, 829) extending 
between the distal end of the first shaft section 
(22D) and the proximal end of the second shaft sec- 
tion (24G, 24H), the transition tube (727. 829) defin- 
es ing, along with the first and second shafts, (22D, 
24H), a portion of the inflation lumen (62D, 104G, 
104H). 

7. Catheter in accordance with any of the preceding 
30 claims, wherein the transition section (710, 810) 

includes a transition member (727, 829) at least in 
part disposed within the inflation lumen (104G, 
104H). 

35 8. Catheter in accordance with claim 7, wherein the 
inflation lumen includes an inner wall, the transition 
member (727) extends into the inflation lumen 
(104G) defined by the second shaft section (24G) 
and a portion of the transition member (727) 

40 extending into the inflation lumen (104G) defined by 
the second shaft section is spaced from the wall of 
the inflation lumen. 

9. Catheter in accordance with claim 7, wherein the 
45 inflation lumen (62D, 104H) includes an inner wall, 
the transition member (829) extends into the infla- 
tion lumen defined by the second shaft section 
(24H), and a portion of the transition member (829) 
extending into the inflation lumen defined by the 
so second shaft section is incorporated into the wall of 
the inflation lumen (62D, 104H). 

PatentansprOche 



55 1. Ballondilatationskatheter mit: 

einem Schaft mit einem metallischen Tubus, 
der einen ersten Schaftbereich (22, 22B, 22C, 
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22D) mit einem proximalen Ende (28) und 
einem distalen Ende (30, 30B, 30C) sowie 
einen zweiten Schaftbereich (24, 24B, 24C, 
24D, 24E, 24F, 24G, 24H) bildet, der flexibler 
als der erste Schaftbereich ist und distal von 
dem ersten Schaftbereich angeordnet ist; 
wobei der erste und zweite Schaftbereich ein 
sie durchlaufendes Aufblaslumen (62, 104; 
62B, 104B;62C, 104C;62D, 104D, 104E, 104F, 
104G, 104H) haben; 

einem Dilatationsballon (26), der an dem dista- 
len Ende (34) des zweiten Schaftbereichs 
befestigt ist. wobei der Dilatationsballon (26) so 
in Fluidverbindung mit dem Aulblaslumen 
steht, daB Aufblasdruck durch dieses hindurch 
zu dem Ballon gefuhrt werden kann; 
einem FOhrungsdrahttubus (80, 80B, 80C). der 
ein zweites Lumen (52, 52B, 52C) bildet, das 
kOrzer als das Aufblaslumen ist und von einer 
proximalen LumenOffnung (92, 92C) proximal 
von dem Ballon zu einer distalen Lumenflff- 
nung (94) distal von dem Ballon veriauft; und 
einem Ubergangsbereich (110, 11 OA, 210, 
310, 410, 510, 610, 710, 810), der sich distal 
von der proximalen Lumenflffnung (92) 
erstreckt und dem distalen Ende des ersten 
Schaftbereichs benachbart angeordnet ist, 
wobei der Ubergangsbereich so konfiguriert 
ist, daB er eine Sterfigkeit zwischen der Steifig- 
keit des ersten Schaftbereichs und der Sterfig- 
keit des zweiten Schaftbereichs hat. 

2. Katheter nach Anspruch 1 , wobei der Ubergangs- 
bereich (110, 110A, 210, 310, 410, 510, 610) eine 
Spirale (112, 112A, 212, 312, 412, 512, 612) auf- 
weist. 

3. Katheter nach Anspruch 1 Oder 2, wobei die Flexi- 
bility des Ubergangsbereichs (110A, 210, 310) 
distal zunimmt. 

4. Katheter nach einem der vorhergegangenen 
Anspruche, wobei der Ubergangsbereich ein metal- 
lisches Element mit einem Querschnitt aufweist, 
der sich allgemein distal verWeinert. 

5. Katheter nach einem der Anspruche 1 bis 4, wobei 
die proximale Offnung des Fuhrungsdrahtlumens 
(52, 52B) an dem Ubergangsbereich (110, 110A, 
210) angeordnet ist. 

6. Katheter nach einem der vorhergegangenen 
AnsprOche, wobei der Ubergangsbereich (710, 
810) einen Ubergangstubus (727, 829) aufweist, 
der sich zwischen dem distalen Ende des ersten 
Schaftbereichs (22D) und dem proximalen Ende 
des zweiten Schaftbereichs (24G, 24H) erstreckt, 
wobei der Ubergangstubus (727, 829) zusammen 



mit dem ersten und zweiten Schaft (22D, 24H) 
einen Abschnitt des Aufblaslumens (62D, 104G, 
104H) bildet. 

5 7. Katheter nach einem der vorhergegangenen 
AnsprQche, wobei der Ubergangsbereich (710, 
810) ein Gbergangsteil (727, 829) aufweist. das 
mindestens teilweise innerhalb des Aufblaslumens 
(104G. 104H) angeordnet ist. 

w 

8. Katheter nach Anspruch 7, wobei das Aufblaslu- 
men eine Innenwand aufweist, das Ubergangsteil 
(727) sich in das durch den zweiten Schaftbereich 
(24G) gebildete Aufblaslumen (104G) erstreckt und 
75 ein Abschnitt des Ubergangsteils (727), der sich in 
das durch den zweiten Schaftbereich gebildete Auf- 
blaslumen (104G) erstreckt, von der Wand des Auf- 
blaslumens beabstandet ist. 

20 9. Katheter nach Anspruch 7, wobei das Aufblaslu- 
men (62D, 104H) eine Innenwand aufweist, das 
Ubergangsteil (829) sich in das durch den zweiten 
Schaftbereich (24H) gebildete Aufblaslumen 
erstreckt und ein Abschnitt des Ubergangsteils 
25 (829), der sich in das durch den zweiten Schaftbe- 
reich gebildete Aufblaslumen erstreckt, in die Wand 
des Aufblaslumens (62D, 104H) eingebaut ist. 

Revendications 

30 

1 . Catheter & ballon de dilatation, comprenant : 

un tronc qui inclut un tube m&allique delinis- 
sant un premier trongon de tronc (22, 22B, 
35 22C, 22D) ayant une extr6mit6 proximale (28) 

et une extr6mit§ distale (30, 30B, 30C), et un 
second trongon de tronc (24, 24B, 24C, 24D, 
24E, 24F, 24G, 24H), plus souple que le pre- 
mier trongon de tronc, dispos6 en direction dis- 
40 tale par rapport au premier trongon de tronc ; 

le premier et le second trongon de tronc ayant 
un lumen de gonflage (62, 104 ; 62B, 104B ; 
62C, 104C ; 62D, 104D, 124E, 104F, 104G, 
104H) d6fini & travers ceux-ci ; 
45 un ballon de dilatation (26) attach6 k TextrSmite 

distale (34) du second trongon de tronc, le bal- 
lon de dilatation 6tant en communication de 
fluide avec le lumen de gonflage de telle 
manure que Ton peut fournir au ballon & tra- 
so vers ce lumen une pression de gonflage ; 

un tube pour un fil de guidage (80, 80B, 80C) 
qui dtfinit un second lumen (52, 52B, 52C), 
plus court que le lumen de gonflage et s'6ten- 
dant depuis une ouverture de lumen proximale 
55 (92, 92C) & proximit6 du ballon jusqu'A une 

ouverture de lumen distale (94) & distance du 
ballon ; et 

un trongon de transition (110, 11 OA, 210, 310, 
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410, 510, 610, 710, 810) qui s'6tend en direc- 
tion distale de I'ouverture de lumen proximale 
(92) et qui est dispose adjacent k I'extr6mite 
distal du premier trongon de tronc, le trongon 
de transition etant configure de manfere & pr6- 5 
senter une raideur entre la raideur du premier 
trongon de tronc et la raideur du second tron- 
gon de tronc. 



jusque dans le lumen de gonflage defini par le 
second trongon de tronc (24H), et une partie de 
lament de transition (829) qui s'etend dans le 
lumen de gonflage d6f ini par le second trongon de 
tronc est incorpor6e dans la paroi du lumen de gon- 
flage (62D. 104H). 



2. Catheter selon la revendication 1, dans lequel le 10 
trongon de transition (110, 110A, 210, 310, 410, 
510, 610) inclut une bobine (112, 112A, 212, 312, 
412, 512, 612). 

3. Catheter selon Tune ou 1'autre des revendications 1 15 
et 2, dans lequel la souplesse du trongon de transi- 
tion (110A, 210, 310) augmente en direction dis- 
tale. 

4. Catheter selon I'une quelconque des revendica- 20 
tions pr6c6dentes, dans lequel le trongon de transi- 
tion inclut un Pigment metallique ayant une section 
transversals qui va g£n6ralement en diminuant en 
direction distale. 

25 

5. Catheter selon I'une quelconque des revendica- 
tions 1 a 4, dans lequel I'ouverture proximale du 
lumen pour fil de guidage (52, 52B) est dispos6e au 
niveau du trongon de transition (1 10, 1 10A, 210). 

30 

6. Catheter selon Tune quelconque des revendica- 
tions pr6c6dentes, dans lequel le trongon de transi- 
tion (710, 810) inclut un tube de transition (727, 
829) qui s'etend entre les extr6mites distales du 
premier trongon de tronc (22D) et I'extremite proxi- 35 
male du second trongon de tronc (24G, 24H), le 
tube de transition (727, 829) definissant, ensemble 
avec le premier et le second troncs (22D, 24H), une 
partie du lumen de gonflage (62D, 104G, 104H). 

40 

7. Catheter selon Tune quelconque des revendica- 
tions pr6c6dentes, dans lequel le trongon de transi- 
tion (710, 810) inclut un element de transition (727, 
829) au moins en partie dispose k I'interieur du 
lumen de gonflage (104G, 104H). 45 



8. Catheter selon la revendication 7, dans lequel le 
lumen de gonflage inclut une paroi interieure, l'6ie- 
ment de transition (727) s'6tendant dans le lumen 

de gonflage (104G) d§f ini par le second trongon de so 
tronc (24G), et une partie de I'6l6ment de transition 
(727) qui s'etend jusque dans le lumen de gonflage 
(104G) d6fini par le second de trongon de tronc est 
espac6e de la paroi du lumen de gonflage. 

55 

9. Cath6ter selon la revendication 7, dans lequel le 
lumen de gonflage (62D, 104H) inclut une paroi 
interieure, I'6l6ment de transition (829) s'etendant 
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